This paper concerns about the development and use of an asymmetric index (α) for the computation of the co-publications between two countries in a scientometric perspective. Korea and India are selected as assessing cases for illustrating the application of the 'α' index on co-publication analysis against several parameters such as growth in a number of the scholarly communications, document types, subject areas, and sources for the period 1994 to 2013. A total of 8823 co-publications were published by Indo-Korean researchers during the aforementioned period of time. The asymmetric index of Indo-Korean co-publications of India with Korea (α India-Korea ) and vice versa (α Korea-India ) were obtained and the values were 0.099 and 0.114, respectively. The results suggest that the overall efforts of Korean researchers have more effective co-operation with Indian researchers. In addition, a comparison with the best-known Salton's (cosine) measures is provided and the results show that its value (0.11) is independent of the relative size of the collaborative systems.
INTRODUCTION
Many scientometrics studies have been appeared in the literature dealing with the different aspects of scholarly communications [1] [2] [3] [4] [5] [6] [7] . Kademani et al. [1] studied the growth and development of world literature on Bhabha Scattering by using three different databases 'International Nuclear Information System' (INIS), Science Citation Index, and INSPEC and found that a total of 1305 papers were published by the scientists in the field Bhabha Scattering during 1969-2008; and there were 47 countries involved in the research in this field where Germany was the top producing country with 421 papers followed by the USA with 420 papers, Italy with 293 papers, and Switzerland with 263 papers. Magnone [4] studied R&D capability of environment friendly technologies in China, Japan, and Korea and found that a total of 788 papers were published during 1990-2011 in the field of water-gas shift 'WGS' technologies by scientists in China, Japan and Korea; where China was the top producing country with 394 papers (50%) followed by Japan with 250 papers (32%), and Korea with 144 papers (18%). Prakasan et al. [6] analysed India's strengths and weaknesses in international collaborative research at the macro and micro levels of collaborative fields. Surwase et al. [7] illustrated principles, techniques and applications of co-citation analysis introducing co-citation analysis softwares viz. SciVal Spotlight and CiteSpace; and also stated that by applying single-link clustering and multidimensional scaling, the co-citation analysis technique can literally map the structure and development of science. In particular, it is well known that the number of co-publications is typically employed as an indicator of collaboration in a wide range of subjects at every level. It is quite clear that many studies have appeared in the academic literature with their attention focused on the national trend of co-publication productivity on the most varied subjects [8] [9] [10] [11] [12] [13] [14] . Ali-Khan et al. [8] provided a scientometric analysis of the China-Canada collaboration in stem cell research publications indexed in Scopus database and examined collaboration levels, collaboration preferences, scientific impact, the collaborating institutions in China and Canada, areas of mutual interest, and funding sources and found that China-Canada collaboration is rising steadily; enhanced the impact of collaborated publications as compared to papers authored solely. Egghe and Leydesdorff [15] revealed the relation between Pearson's correlation coefficient and Salton's cosine measure based on the different possible values of the division of the -norm and the -norm of a vector; where they analysed author co-citations among 24 informetricians and constructed two matrices: the asymmetric occurrence matrix and the symmetric co-citation matrix; and got a threshold value for the cosine of which none of the corresponding Pearson correlations would be negative. Leydesdorff [21] argued that in the web environment, the approach of retrieving original citation data is often not feasible and in that case, one should use the Jaccard index. Unlike Salton's cosine and the Pearson correlation, the Jaccard index abstracts from the shape of the distributions and focuses only on the intersection and the sum of the two sets. Since the correlations in the co-occurrence matrix may partially be spurious, this property of the Jaccard index can be considered as an advantage in this case. Ahlgren, Jarneving & Rousseau [22, 23] questioned the use of Pearson's correlation coefficient as a similarity measure in Author Co-citation Analysis (ACA) on the grounds that this measure is sensitive to zeros. Analytically, the addition of zeros to two variables should add to their similarity, but these authors demonstrated with empirical examples that this addition can depress the correlation coefficient between variables and argued that one should consider using Salton's cosine instead of the Pearson correlation coefficient as a similarity measure in author co-citation analysis. In this paper, we extend these previous work in investigating the collaborative relationship performance of symmetrical to asymmetrical systems by considering variability at the quantity level.
The purpose of this paper is to study the collaboration relationship between India (officially the Republic of India but hereinafter known as 'India') and South Korea (officially the Republic of Korea but hereinafter known as 'Korea') by looking at Indo-Korean co-publications as a degree of collaborative interaction between these two countries. Consequently, the aim of this study is to attempt to answer the following questions: Is it possible, in general, to analyse the scientific collaboration relationships between two different collaborative systems quantitatively different in publication performances through the counts of the co-publications? Which index (intrinsic coefficient or relative indicator) do we need to effectively measure and quantify the Indo-Korean collaborative 'efforts' in a relative sense from the Korean or Indian point of view? Are there any quantitative differences between a symmetrical (Salton's measure) [11, 15] and an asymmetrical index that also includes the relative volume of overall national publications? More specifically, in this paper the researcher's idea has been driven by two key questions: How do the relative overall efforts of Korean-and Indian-researchers affect the number of Indo-Korean co-publications? And, if it is the case, how can we precisely measure the intrinsic value of a co-publications between two countries in a relative way?
Taking the above observations in the account, the aim of the present study was to quantitatively determine and analyse the Indo-Korean co-publications from 1994 to 2013. To take stock of the situation of the Indo-Korean co-publications, the change in the Indo-Korean co-publication pattern of co-affiliated publications was analysed from different points of view, including document types and subject areas, as well as Indo-Korean co-publications with other countries.
To this aim we introduce a new asymmetric index (α) as a scientometric indicator of asymmetry of two systems (i.e., continents, countries, institutes, universities, departments, groups, authors, and so on), which is itself an important relative indicator of collaboration between two different systems with different contexts and sizes, as well as different number of publications, performance of R&D activities, economic factors (i.e., gross domestic expenditure on R&D), and so on. Namely, general α A-B index is the relative measure of the co-authorship strength of first system (called 'A') with the second one (called 'B'), and at the same time α A-B value is different than α B-A because 'A' and 'B' are two different collaborative systems. Specifically, this index is fully normalised to take into account of the relative publishing efforts (as the number of publications) and the effective number of co-publications between two subjects. The indicator is constructed as an index and takes on values between 0 and 1, where 0 means that there are no co-publications between selected systems. However, the main difference between the classical Salton and McGill's measure [16] and the presented one is the fact that the Salton (cosine) measure -as symmetrical strength of co-authorship links -"is calculated for a pair of countries as the number of joint papers divided by the geometric mean (square root of the product) of the two countries' totals" [11] .
Although the proposed asymmetric index is applicable for all asymmetric systems (across countries, fields, institutions, universities, groups, etc.), Korea and India are selected for an in-depth case study analysis of Indo-Korean co-publications between 1994 and 2013. In particular, as a case study of the application of the asymmetric index (α) for the co-publications between two countries we consider India and Korea because they have different contexts and sizes, as well as the different number of publications, the performance of R&D activities, and the (macro) economic factors. Table 1 shows some selected macroeconomic and educational indicators as well as R&D intensity of these two countries. The majority of economic data presented in this table are derived from the Organization for Economic Co-operation and Development (OECD) for India and Korea [17] as well as from the United Nations Educational, Scientific, and Cultural Organization [18] . In details, the big difference between these two countries is the income level, R&D expenditure (% of GDP) and its distribution by type of activity (Experimental develop, Applied research and Basic research), researchers in full-time equivalent or per 1 million inhabitants. Here it can be noted that the annual growth rate of Indo and Korean publications are 10.3% and 9.1%, respectively. In particular, these two countries show an increasing trend in terms of gross domestic expenditure on R&D in the period considered and, at the same time, they are different in several ways. In order to explain this point further, Figure 1 shows the comparative performance in science between India and Korea with a normalised index of performance relative to the median values in the Organisation for Economic Co-operation and Development (OECD) area [17] . As it can be noted, in India Government R&D expenditures accounted at a normalized index with OECD area of 60.27 (Index median = 100) in 2007. This country has about 2.25 world-class university and a weak publication record in top academic journals in the range of bottom 5 OECD values. By comparison, for instance, although Korea has relatively high public-sector expenditures on R&D with a normalized index of 136.33, its universities (Top 500 Universities=70.77) and research publication outputs rank comparatively low (about 66.34) by international standards (Index median in OECD area = 100). All these characteristics make the co-publication between selected countries a potential candidate to study further in the area. This was one of the motivations for the present work.
Experimental section Collection of data
Scopus database was used for both countries to retrieve the publications during 1994-2013 (20 years). A total of 899569 publications for 'India', 674156 publications for 'Korea' and 8823 co-publications for 'India-Korea' were downloaded.
The evaluation of the cumulated data from 1994 to 2013 was performed with accurate collection of the Indo-Korean co-publications including the time distribution of Indo-Korean document types and subject areas, as well as Indo-Korean co-publication with third countries. Each of these analysis steps is discussed in the 'Result and Discussion' sections.
Basic concept of the asymmetric index (α)
The asymmetric α A-B and α B-A indexes are here defined as the (principal) square root of the ratio between the number of co-publications (i.e., n AB ) between two 'A' and 'B' collaborative systems in general (i.e., continents, countries, institutes, universities, departments, groups, authors, and so on) and the overall number of publications of the first system (i.e., n A ) and the overall number of publications of second system (i.e., n B ), respectively. In particular, these asymmetric α A-B and α B-A indexes are defined as following:
where n A and n B are the publications associated with the generic system 'A' and with the generic system 'B', respectively, and where n AB represents the relative co-publication activity on the basis of co-publications published between selected systems. [17] .
If the two selected collaborative systems (i.e., 'A' and 'B') are asymmetric in nature (i.e., across countries, institutions, groups, researchers, fields of study, areas, etc.) α A-B can be defined as 'the effort' of 'A' system to have a collaborative interaction with 'B' system. Consistently α B-A can be defined as 'the effort' of 'B' system to publish in a collaborative way with 'A' system. In this vein, it is important to point out that the numerical value of a generic 'α' depends directly on relative production of co-publications between 'A' and 'B' systems, and then indirectly on the intellectual commons and distributed efforts behind the scenes to orchestrate the process of these collaborative interactions (i.e., co-publications between ' A' and 'B' systems).
As defined above 'α' index is an absolute (dimensionless) number and its value is between 0 and 1 (0.0<α<1.0). In particular now we focus on some particular cases of α An interesting point is that a quite common case of two systems -when taken individually -can produce different output from a publishing point of view so that α A-B and α B-A values are different from zero.
For the sake of completeness, we also mention that the general concept of Salton's (cosine) measure (r AB ) quantifies collaborations strength between two countries ('A' and 'B') as:
where p AB is collaborated publications between 'A' and 'B', p A and p B are the number of publications of 'A' and 'B'; so that in this case r AB (or r BA ) is the symmetrical mutual collaboration strength -with geometric mean -between 'A' and 'B' (or 'B' and 'A') [11] [12] .
There are several ways of plotting the asymmetric index (α) between two different collaborative systems (i.e., 'A' and 'B') in a 2D graph. Figures 2 (a), (b) and (c) are schematic researchers, etc.) can be combined with other types of analysis (time evolutions, citation analysis, etc.) to get a coupled scientometric analysis. These three schemas are differentiated only by the total number of publications associated with the system 'A'. In fact, it can be observed that the size of the total number of publications published by the 'B' system and 'A-B' co-publication values are constant over the system structure or over the time.
The asymmetric index (α) is very versatile and easily updated with the introduction of new data or metrics; for example in the measurements of the 'strength' of collaborations between 'A' and 'B' systems on a particular subject area (i.e., Chemistry, Chemical Engineering, etc.), the asymmetric index (α) is based on the relative number of co-publications between 'A' and 'B' systems (co-affiliated by 'A' and 'B' systems) and the absolute number of publications published by 'A' and 'B' systems in the given area of study.
As an example, let us consider the schema in Figure 2 (a).
While the relative size of the originated figure is obviously dependent upon a number of factors, the size of the small square surface is more likely to be correlated with the relative efforts of both systems to the end of co-publications. If this is true, then the ratio between the length (l) of obtained 'A-B' co-publications figure and the 'width' (w) of the side of total 'A' publications in the same interval of time is the measure of co-authorship strength of 'A' system versus 'B' system to produce the 'A-B' co-publications (α
A-B
). By the same token, the ratio between the 'A-B' length of the figure that represents a schematic drawing of the 'A-B' co-publications and the width of the side of all 'B' publications is the measure of co-authorship strength (α) of 'B' with 'A' to produce the 'A-B' co-publications (α B-A ).
To quantize this model, in a hypothetical case where, for example, the subject 'A' publishes at least 100% of co-publications with subject 'B', but in the same range of period 'A' don't have any co-publications with another subject (for example called 'C'), the measure of co-authorship strength gives α A-B =1 because the two sides of 'A' and 'A-B' squares overlap each other. In the second case, when 'A' and 'C' subjects don't have any co-publications together, the straight α A-C is zero.
A more colloquial, but perhaps more intuitive, example is probably obtained in the case of two hypothetical scientists; for a young inexpert researcher at the start of his/her career in a group maybe he/she have only inter-group collaboration with the team leader of his/her group.
representations of the overlapping values associated with asymmetric co-publication activities between a generic system 'A' and another system called 'B'. In particular, in order to have an intuitively clearer representation with a mathematical meaning (see, Eqs. [1] [2] [3] [4] [5] [6] [7] [8] ), the authors proposed to use the graphical metric based on the 'square surface areas' which represents subsurface structural boundary for the documents published by 'A' or 'B' systems, and the co-publication produced together.
In this type of representation, the horizontal axis is called the 'Width' (w) while the vertical axis is called the 'Length' (l). The lengths of the two axes are visually balanced in a square shape with a corner at (0, 0). As a result, the drawn surface proportional in shape to the number of publications published by system 'A', 'B' publications and 'A-B' co-publications is used for a graphical representation of distribution of publications from 'A' system, 'B' system, and the co-publications that 'A' and 'B' systems produced together as co-publications between two systems 'A' and 'B'.
To understand this point, the schemas in Figure 1 (a, b, and c) are three representative examples of the correlation between two hypothetical systems ('A' and 'B') where an independent variable (i.e., publications) at every level of analysis (i.e. continents, countries, institutions, groups, In this case the first one have an asymmetric index equals to the unit with team leader, and for increasing his/her cooperation out of the group -and new co-publications with other groups or team leaders -the index becomes less than the unit and closer to zero (i.e., progressive increasing of the independence).
In addition, Figure 2 (a, b, and c) can be conceptually interpreted in another way. This way is that it is an example of a temporal snapshot image of the co-publication situation between different systems (uniform in nature) at a given moment, an overall time range, or in an evolution phase on the basis of which collecting of data can be performed. In this case Figure 2 (a, b, and c) is the evolution of the time of co-publications between the same two systems from time "a" (t a ) to time "c" (t In the light of these considerations, the asymmetric index (α) effectively represents the 'strength' of collaborations (as co-publications), and, at the same time, it is a quantitative and simple graphical method for the development of comparative analysis between two cooperative systems or sub-systems in the field of scientometric analysis of co-publications. Preliminary results of this work and some notes on proposed asymmetric index (α) are described in the next section of this study.
RESULTS AND DISCUSSIONS

Asymmetric index
This section provides a thorough analysis of all IndoKorean co-publications for the selected period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . India and Korea published 899569 publications and 674156 publications respectively. India and Korea continued the great legacy of bilateral collaboration in scientific research, and as a result of it, published 8823 co-publications during the study period. The asymmetric index α India-Korea = 0.099 and α Korea-India = 0.114 indicate the co-publication strengths of both the countries in relation to each other. As it can be noted in Figure 3 the α Korea-India is bigger than the α India-Korea index. This means that in a prospective of overall national effort, the relative efforts of Korea to co-operate with India are more intense (as a number of results and then academic publications) than India with Korea. In comparison, the symmetrical value calculated by classical Salton's (cosine) measure gives us an average value of 0.11. Figure 4 shows the chronological growth of publication by India and Korea, as well as Indo-Korean co-publications. Figure 3 clearly indicates the almost steady and parallel growth of scientific publications of India and Korea. The same national trend is also observed for co-publication except 1999, 2000 and 2001 where a number of co-publications have come down. In a first approximation, this result can be related to the increasing of the government's contributions in the development of diplomatic relationships between these two countries in the period immediately before and after 1996. In particular, it can be remembered here that the "India-Korea Joint Commission for bilateral co-operation" was established in February 1996 and this happened just in time for the increase the amount of co-publications (1996-2008). The analysis of affiliating countries in Indian (899569) and Korean (674156) and Indo-Korean (8823) publications was carried to enlist the top-20 affiliating countries. Table 3 indicates the number and percentage of co-publications of top-20 countries appeared as the collaborative country in Indian and Korean publications respectively. India's collaborations are foremost with the United States (5.89%), followed by Germany (1.90%) and the United Kingdom (1.84%). These results are in good accord with the report entitled "Higher Education in Asia: Expanding Out, Expanding. Up The rise of graduate education and university research" by UNESCO [18] . Meantime, Korea seems to have a regional dimension and a geographical proximity in the world collaboration with Japan (4.01%) and China (2.71%). This result confirms earlier research findings of Korea that show limited research collaboration, compared with their high productivity and more in general that collaboration affinity is greatly shaped by geographic proximity [4, 5, 19] .
Chronological growth of publications
The 8823 co-publications of India and Korea were analysed and the top-20 countries affiliated in these co-publications were found and depicted in Figure 5 . It can be noted that at national level both India and Korea separately has few co-publications with Russia (0.41% and 0.89%, respectively) but, at the same time, it shows some kind of glue effects between India and Korea with 1724 co-publications and climbed to the third position of top-20 countries affiliated in IndoKorean co-publications.
Asymmetric index (α
India-Korea and α Korea-India ) for Indo-Korean co-publications 
Document Type
In this section, the various document types of Indian, Korean and Indo-Korean co-publications have been analysed. As usual, the journal articles are the most favourite type of document types preferred by both the countries (Table 4 ). In addition, co-publication focus also in Conference paper and Review with 835 and 234 co-publications, respectively. As well as the asymmetric index (α India-Korea , α Korea-India ) for Indo-Korean co-publications as per document type of co-publications was calculated which is depicted in Figure 7 . From this figure, it is also clear that, as we expected, Erratum documents has the same indexes for both countries because usually, these types of documents include the name of every author and then, in this case, both affiliations.
Subject areas
The subject areas of publications as appeared in Scopus database have been analysed and presented in Table 5 .
The highest number of Indo-Korean co-publications falls in 'Physics and Astronomy' (3694, 41.9%) followed by 'Materials Science' (2163, 24.5%), 'Engineering' (1624, 18.4%) and 'Chemistry' (1614, 18.3%). Figure 8 provides the asymmetric index (α India-Korea , α Korea-India ) for Indo-Korean co-publications as per subject area of co-publications. For example, it can be noted that "big science" projects in the Astronomy subject are inevitably also large-scale engineering projects and then the co-publications are co-affiliated by both countries at the same level (α Korea-India =0.17). Another point to note here is that Korea has a strong tradition in the field of environmental science (α Korea-India
=0.15 in comparison with α
India-Korea =0.09) and has already prioritised green innovation at the highest level by a low-carbon green growth policy. This national priority is reflected also in the so called "557" initiative, which has earmarked US$2.4 billion to invest in green technology [17] .
Journals Preferred by Indo-Korean Scientists for Publication
The top-20 journals preferred by Indo-Korean scientists for their co-publications are listed in Table 6 . SCImago Journal Rank (SJR) indicator is a measure of the scientific Figure 6 : Year-wise asymmetric index (α India-Korea and α Korea-India ) for Indo-Korean co-publications influence of scholarly journals that accounts for both the number of citations received by a journal and the importance or prestige of the journals where such citations come from. It is a size-independent indicator and its values order journals by their "average prestige per article" and can be used for journal comparisons in science evaluation processes. The table provides the top-20 journals with a total number of Indo-Korean articles published in it and the SJR-2012 value for the journal. It can be pointed out here that collaboration between India and Korea tend to publish in International journals with high rank. In fact, as it can be noted there is a clear relationship between SJR and number of co-publications between India and Korea, and this can mean that in general the international collaboration help to meet national challenges in science and co-publications in high-rank journals.
CONCLUSIONS
Due to the advent of technology and multidisciplinary nature of research, it is being increasingly trans-national, enabling the efficient use of expertise and resources available. Traditional Salton's (cosine) measure (r) is a good symmetrical indicator of the strength of mutual collaboration between two collaborative systems (i.e., two countries). The asymmetric index is relative in nature and it can give a clear picture in point-of-view of a system studied. Thus has an advantage over traditional Salton's Cosine measure as the Asymmetric index may vary due to variable size of systems, but the Salton's Cosine measure do not vary due to the different sizes of the two systems studied.
The asymmetric index is useful, as it normalises for bias in the number of papers published by a system because of its size. This study proposed a new asymmetrical index (α) and its representation in a graphic sense. From this point of view, this study provides the extent and characteristics of Indo-Korean co-publications as a case study.
As illustrated in the present study, the proposed asymmetric index (α) can have broad implications and practical applications not only in analysis of number of Indo-Korean co-publications, but also for other countries or for different level purposes in other asymmetric systems. 
